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ABSTRACT

Iron-based amorphous alloys possess enhanced hardness and
are highly resistant to corrosion, which make them desirable for
wear applications in corrosive environments. It was of interest
to examine the behavior of amorphous alloys during anodic
polarization in concentrated salt solutions and in the salt-fog
testing. Results from the testing of one amorphous material
(SAM2X5) both in ribbon form and as an applied coating are
reported here. Cyclic polarization tests were performed on
SAM2X5 ribbon as well as on other nuclear engineering
materials. SAM2X5 showed the highest resistance to localized
corrosion in 5 M CaCl, solution at 105°C. Salt fog tests of
316L SS and Alloy 22 coupons coated with amorphous
SAM2X5 powder showed resistance to rusting.  Partial
devitrification may be responsible for isolated pinpoint rust
spots in some coatings.

Keywords: Iron-Based Amorphous Alloys, Corrosion, N06022,
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INTRODUCTION

Metallic amorphous alloys or metallic glasses have been
studied extensively for the last three decades due to their
unique characteristics, including superior mechanical properties

and corrosion resistance [1]. To produce an amorphous alloy
from a liquid state, cooling rates in the order of 10° to 1 degrees
Kelvin per second are required, depending on the glass forming
ability of the melt [1]. The amorphous alloys are chemically
and structurally homogeneous since they do not contain grain
boundaries, dislocations and secondary phases, which are
common in the crystalline materials [1]. The corrosion
resistance of amorphous alloys depends on the alloy
composition [2-4]. Amorphous alloys are more corrosion
resistant than their polycrystalline cousins of equivalent
composition. Amorphous alloys are hard and can be used in
areas where both resistance to wear and corrosion are
simultaneously needed. For example the typical Vickers
hardness of the polycrystalline Alloy 22 (N06022) is 250 but
the Vickers hardness of an amorphous material is higher than
1000 [5]. When amorphous alloys partially or fully re-
crystallize, they may lose some of their characteristic corrosion
resistance. This process is called devitrification [6]. The fact
that amorphous materials are highly corrosion resistant is
generally attributed to the absence of crystalline defects in the
alloy; however the actual mechanism of this resistance is still
not fully understood [1].

Iron (Fe) based alloys such as austenitic stainless steels
containing approximately 18% chromium (Cr) are widely used
in the industry due to their corrosion resistance characteristics.



However, polycrystalline Types 304 and 316 stainless steels are
not as corrosion resistant as other polycrystalline alloys such as
the nickel (Ni)-based Hastelloy C-22 alloy (Table 1) [7]. On
the other hand, Fe-based amorphous alloys have even higher
localized corrosion resistance than Alloy C-22 [8]. Since the
iron based amorphous alloys are more economical to produce
than the highly corrosion resistant nickel based alloys, its use
seems attractive just for economical reasons.

Recently, Fe-based amorphous alloys have been produced
in bulk compositions so they can be applied to the fabrication
of many large structural components, including oceanic
shipbuilding, nuclear, and oil and gas industries. These alloys
are called structural amorphous metals or SAM by DARPA
(Defense Advanced Research Projects Agency). Fe is a
desirable base element for alloys that may be used in large
industrial applications not only because Fe is inexpensive but
also because Fe-based bulk metallic glasses have a high glass
forming ability, high mechanical properties and soft magnetic
properties. [9] The newer Fe-based amorphous alloys can be
produced at relatively slow cooling rates in the order of 100
Kelvin per second [10]. This allows the production of bulk
amorphous metals tailored to specific applications using
processes such as thermal spray. Fe-based amorphous alloys
such as SAM2X5 may contain up to 15% (atomic) in boron
(B), which make them attractive for nuclear applications as
neutron absorbing structural material [11]. SAM2X5 is a
candidate material for neutron absorption applications and a
candidate to replace both borated stainless steels and recently
developed nickel-chromium-molybdenum-gadolinium (Ni-Cr-
Mo-Gd) alloys. Another Fe-based amorphous (SAM1651)
alloy contains larger amount of molybdenum (Mo) for
enhanced corrosion resistance [12].

It has been reported that coatings of both SAM2X5 and
SAM1651 on 316 SS substrates resisted corrosion in the salt
fog chamber test [5]. Small rust spots were attributed to the
presence of partially devitrified regions of the coating. The aim
of the current study was to present results regarding the
performance of Fe-based SAM2X5 amorphous alloys during
anodic polarization in hot concentrated salt solutions and in the
salt fog test.

ENVIRONMENTS

The development of a new alloy or product generally has a
targeted application. This is also the case of the SAM alloys.
Currently envisioned applications include highly saline
solutions where wear resistance is also required and
environments that could be related to the neutron absorption
industry. For the first case, it may be of interest to determine
the behavior of the SAM alloys in high chloride environments
that could simulate the behavior of seawater, for example. In
the second case, it could be used as a basket material for the
long-term disposition of nuclear waste.

One of the most aggressive solutions for stainless materials
(such as the iron-based stainless steels and the nickel-based
stainless containing chromium and molybdenum) are highly
concentrated hot chloride solutions. The high chloride hot
solutions tend to induce localized corrosion in the form of
pitting and crevice corrosion into the naturally passivated
alloys. These austenitic alloys passivate by the formation of a
protective chromium oxide film on the surface. That is,
chromium oxide is not protective in presence of hot chloride
brines. A base solution of 1 M NaCl is used in many ASTM
standards to compare for example the behavior of multiple
stainless steels. Recently, more aggressive solutions have been
used to compare the behavior of more highly corrosion resistant
alloys. This solution is 5 M (molar) calcium chloride (CaCl,),
which boils at temperatures higher than 120°C. This CacCl,
solution is more than ten times richer in chloride than seawater
and has a concentration of 40% CaCl, by weight of solution.
Calcium based brines may also be more detrimental for the
corrosion resistance of stainless alloys than sodium based
brines.

Another electrolyte solution of interest is related to the
long term disposal of highly radioactive nuclear waste is
concentrated ground water. When ground water from the
vicinity of Yucca Mountain (NV) is concentrated
approximately 1000 times using evaporation, it becomes a
carbonate/bicarbonate-rich brine. The original ground water
was labeled J-13 and the resulting 1000-times concentrated
brine was called simulated concentrated water or SCW. The
approximate composition of SCW is (3.4 g/L potassium, 40.9
g/L sodium, 1.4 g/L fluoride, 6.7 g/L chloride, 6.4 g/L nitrate,
16.7 g/L sulfate, 70 g/L carbonate/bicarbonate and ~40 mg/L
silicate). That is, SCW is a multi-ionic solution containing
aggressive species as chloride and beneficial species as nitrate.
The weight percent concentration of salts in SCW is
approximately 13%. One of the forms by which ground water
may enter in contact with the nuclear waste is by seepage or
dripping onto the engineered barriers containing the waste from
the drift walls. After many of thousands of years, the external
and internal wall of the containers may be breached by
corrosion, allowing seepage water to ingress into the container
and enter in contact with the basket material and the radioactive
material. This may cause the radioactive material to be
transported by the water away from the emplacement site. At
this point it is envisioned that the waters will be dilute and at
low temperature (i.e. well below 50°C). This last scenario
represents what is called the “in package chemistry”.

EXPERIMENTAL

Two types of experiments were performed; the cyclic
potentiodynamic polarization (CPP) (ASTM G 61) and salt fog
testing (ASTM B 117). For the CPP tests the tested specimens
were four polycrystalline alloys: (a) Alloy 22 (N06022), (b) Ni-



Cr-Mo-Gd Alloy (N06464), (c) Borated Type 304B SS
(S30466) and one amorphous alloy in ribbon form (d)
SAM2X5. The compositions of the alloys are in Table 1. The
Alloy 22 specimens were multiple crevice assemblies (MCA)
described before [13] and the Ni-Gd and the 304B SS material
were non-creviced prisms similar to the specimens described in
ASTM G 5 [14]. The area of test specimens of these three bulk
materials ranged from 7.43 to 14.4 cm2. The SAM2X5 alloy
was a small ribbon approximately 20 mm long, 1 mm wide and
25 um thick. The test area of the ribbons was approximately 0.4
cm2, The SAM2X5 material was prepared by dropping molten
metal on a water-cooled copper spinning wheel in an inert
atmosphere. The initial metal temperature was 1050°C and the
wheel was spinning at 17.4 m/sec. The fast cooling fabrication
process made the material amorphous. The ribbon had two
sides; the side that contacted the spinning wheel was slightly
darker and contained small dent-like features and the side that
faced away from the wheel was smoother and shinier.

CPP tests were carried in two electrolyte solutions: (1)
5 M CaCl, at 105°C and (2) SCW at 90°C. The ambient
temperature pH of the solutions was 5 to 6 for the CaCl,
solution and 8 to 10 for the SCW solution. Nitrogen (N,) was
purged through the solution overnight (usually 24 hours) while
the corrosion potential (Eer) of the test specimen was
monitored. Nitrogen bubbling was continued throughout all the
electrochemical tests. The electrochemical tests were conducted
in a one-liter, three-electrode, borosilicate glass flask (ASTM G
5). A water-cooled condenser combined with a water trap was
used to avoid evaporation of the solution and to prevent the
ingress of air (oxygen). The temperature of the solution was
controlled using a heating mantle connected to a temperature
control device. All the tests were carried out at ambient
pressure. The reference electrode was saturated silver chloride
(SSC) electrode, which has a potential of 199 mV more
positive than the standard hydrogen electrode (SHE). The
reference electrode was connected to the solution through a
water-jacketed Luggin probe so that the electrode was
maintained at near ambient temperature. The counter electrode
was a flag (~40 cm?) of platinum foil spot-welded to a platinum
wire. All the potentials in this paper are reported in the SSC
scale. In the CPP test, the potential scan was started
approximately 100 mV below E. at a set scan rate of 0.167
mV/s. The scan direction was reversed when the current
density usually reached 5 mA/cm2 in the forward scan.

Amorphous metallic alloy coupons were especially
prepared for salt fog testing. A liquid metallic solution of
desired composition (SAM2X5) (Table 1) was first atomized in
an inert atmosphere to produce a fine powder or amorphous
particles (e.g. 50-um diameter) and then the powder was
thermally sprayed onto the test coupons. That is, the coupons
exposed to the salt fog had a coating of the amorphous alloys
over a polycrystalline metallic substrate of 316L SS. Coating
was done using the high-velocity oxy-fuel (HVOF) process.

This technique minimizes the amount of porosity in the coating
(increases its density). The 316L SS coupons were 4-inch x 4-
inch x 1/4-inch thick. The amorphous coating on the coupons
was nominally 15 mils (or 380 pum) thick. Witness materials
were also tested along with the amorphous materials in the salt
fog test. The witness materials included (a) Carbon Steel 1018
and (b) Alloy C-22 (Table 1).

Salt fog or salt spray testing has been performed according
to the guidelines in ASTM B 117 [14]. This test is excellent to
detect the presence of alpha-ferrite, which is always present if
devitrification occurs. Hence, if rusting does not occur on the
exposed coupons it means that the coating is fully amorphous.
The salt fog apparatus was 94-inch long, 35-inch wide and 56-
inch high and the test chamber was 50-inch L x 29-inch W x
25-inch H. The chamber can create a variety of environments
by cycling automatically between salt fog, high humidity, and
low humidity with dry-off, dwell and ambient conditions in any
combination and for any length of time. The specific test
performed for the reported results corresponded to the
accelerated 24-h GM cycle (Table 2). The coupons were
attached to a fiberglass bracket in the chamber using nylon
bolts and nuts through the center holes of the coupons. This
procedure kept each specimen electrically isolated from the
surroundings. Because the edges of the coupons are sometimes
not well coated, they were covered with silicone before they
were introduced into the test chamber.

Table 1. Typical Alloy Compositions

Alloy Approximate Description
Designation | Composition
A —Weight %
B — Atomic %
1018 CS 99Fe-0.18C-0.8Mn " | UNS G10180
316L SS 70Fe-18Cr-10Ni- S31603
2.5Mo # ASTM A 240
Alloy 22 57Ni-22Cr-13Mo- N06022
3W-3Fe * ASTM B 575
Borated Fe-19Cr-14Ni-1.6B S30466
304B SS ASTM A 887
Ni-Gd Alloy | Ni-16Cr-15Mo-2Gd N06464
ASTM B 932
SAM2X5 58.4Fe-18.5Cr-3.2B- | Sprayed coating
14Mo-1C-1.3Si-2Mn- | Amorphous
5.8WA
SAM2X5 49.7Fe-18.1Cr-15.2B- | Ribbon
7.4Mo-3.8C-2.4Si- Amorphous
1.9Mn-1.6W ®




Table 2. 24-h Cycle in the Accelerated Salt Fog
Corrosion Test

Shift Elapsed Event
Time

(h)
0

Salt solution mist for 30 s followed
by ambient exposure (13-28°C)
15 Salt solution mist for 30 s followed
Ambient ' by ambient exposure (13-28°C)
Soak 3 Salt solution mist for 30 s followed
by ambient exposure (13-28°C)
Salt solution mist for 30 s followed
by ambient exposure (13-28°C)
8-h high humidity exposure (49 + 0.5

4.5

Wet 8-16 | °C at 100% RH) including 55 min
Soak -
ramp to wet conditions
Dr 8-h dry exposure (60 + 0.5 °C at
30z3|/< 16-24 | <30% RH) including 175 min ramp to

dry conditions

The salt solution mist was 1.25% by weight (0.9% NaCl +
0.1% CaCl, + 0.25% NaHCOs)

RESULTS

Anodic Potentiodynamic Polarization

Cyclic potentiodynamic polarization behavior of several
alloys of interest was studied in 5 M CaCl, at 105°C and SCW
at 90°C. The tested alloys were SAM2X5 ribbon, Alloy 22
(N06022), Ni-Gd alloy (N06464) and a type 304B6 SS borated
stainless steel (S30466) (Table 1).

Figure 1 shows the CPP curves in 5 M CaCl, at 105°C. It
is apparent from Figure 1 that there are two groups of alloys
regarding their anodic behavior in the hot concentrated calcium
brine. One group includes the three polycrystalline alloys
(Alloy 22, Ni-Gd and Borated SS) and the other group includes
the only tested amorphous alloy (SAM2X5). For all the
polycrystalline alloys, the breakdown potential was lower than
0 mV and for SAM2X5 the breakdown potential was nearly
800 mV.

Figure 1 shows that the anodic region of the polarization
curve for the borated 304B SS had a narrow pseudo-passive
region of potentials (less than 100 mV wide) for which the
current density was between 107 and 10° A/cm2. After this
narrow passive region the current increased rapidly due to
massive dissolution of the specimen. In the reverse scan the
specimen did not repassivate (i.e. there was no cross-over) even
though the potential was lowered to its original corrosion
potential (Figure 1). Figure 2 shows that the borated stainless
steel did not suffer typical localized corrosion but a massive

attack on its entire surface. It appears that the passive film
covering the surface of the specimen rapidly dissolved in the
hot concentrated chloride brine, in spite that the maximum
applied potential was only -250 mV SSC (Figure 1). Figure 2.b
shows that dimples and cavities of less than 5 um diameter
formed on the surface of the specimen after the anodic
polarization test. It is apparent that these dimples may have
contained the borides in the alloy. Some of the dimples still
appear to contain residual boride particles. It has been reported
before that the borides do not dissolve in the corroding brine
but remain on the surface after the matrix dissolved around
them [15]. Even though the boride itself may not dissolve, the
attack may have initiated in the boundary between the boride
and the matrix.
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Figure 1. Anodic behavior for four materials in
5 M CacCl, at 105°C

The anodic CPP curve for the Ni-Gd alloy did not
show a typical passive region above the corrosion potential
(Figure 1). That is, from the corrosion potential the current
density increased continuously as the potential increased. The
CPP curve showed an anodic peak of 10° A/cm? at
approximately -225 mV SSC and then the current slightly
decreased to values between 107 to 10 A/cm? before the final
breakdown increase. The maximum applied potential for the
Ni-Gd alloy was 0 mV SSC or approximately 250 mV higher
than that for the borated 304B SS.
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Figure 2. Surface of borated 304B SS after CPP in
5 M CacCl, at 105°C
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Figure 3. Surface of Ni-Gd Alloy after CPP in
5 M CacCl, at 105°C

Figure 3 shows that the corrosion attack on the surface of
the Ni-Gd alloy was not uniform but it etched grain boundaries
or areas of material segregation in the alloy. Figure 3.b shows a
high magnification image of the darkened areas in Figure 3.a.
Each one of the cavities observed on the surface may have
corresponded to areas where secondary phase gadolinides
particles (NisGd) existed. The particles dissolved preferentially
in the hot concentrated brine leaving behind the more corrosion
resistant Ni-Cr-Mo matrix. This phenomenon has been reported
before [16]. It has also been reported that if a second
consecutive scan is carried out using a pre-corroded Ni-Gd
specimen, lower current densities will be measured for this
second scan because the NisGd particles already dissolved in
the first scan and the remaining matrix is more resistant to
polarization and corrosion [16].

The CPP curve of Alloy 22 (specimen DEA3168) in 5 M
CaCl, at 105°C is similar to that of the borated 304B SS
(Figure 1). That is, the CPP curve for Alloy 22 showed a
passive-like behavior followed by a fast increase in the current
due to passivity breakdown. The pseudo-passive region of
potentials range was approximately 400 mV wide, for which
the current density varied between 10° and 10° A/cm2. After
this pseudo-passive region the current density increased
abruptly by the massive attack of the specimen surface. The

maximum applied potential for the Alloy 22 specimen was less
than 100 mV SSC. In spite of this massive attack, and unlike
the 304B SS, the Alloy 22 specimen repassivated in the reverse
scan at a potential higher than the initial corrosion potential.
Figure 4 shows the appearance of the Alloy 22 specimen
(DEA3168) after the CPP test in 5 M CaCl, at 105°C. The
darker gray band in Figure 4.a corresponds to the massive
attack that the specimen suffered due to anodic polarization in
the hot concentrate chloride solution. The attack occurred
outside the crevice former. A higher magnification of the
attacked area (Figure 4.b) shows the uneven intergranular
appearance of the attack. That is, grain boundaries were
preferentially dissolved.

The CPP curve for the SAM2X5 material in 5 M CaCl, at
105°C was different from the four other polycrystalline tested
materials (Figure 1). The passive region for the SAM2X5 alloy
was more than 800 mV wide where the current density varied
between 108 to 10° A/cm2. For the amorphous SAM2X5 the
potential breakdown was gradual due to oxygen evolution on
the surface of the tested specimen and not due to massive
corrosion of the surface as the polycrystalline specimens
showed. The highest applied potential for the SAM2X5 alloy
was more than 1,000 mV SSC, which is beyond the potential
for the stability of water. Figure 5 shows the appearance of the
SAM2X5 specimen after the CPP test in 5 M CaCl, at 105°C.

.b - agnification X2500

4a- Manification X100

Figure 4. Surface of Alloy 22 DEA3168 after CPP in
5 M CacCl, at 105°C

Figures 5.a and 5.b show the characteristic of the surface
on the darker or rougher side of the specimen and Figures 5.c
and 5.d of the smoother or shinier side of the specimen. Figures
5.a and 5.c are lower magnification representations and Figures
5.b and 5.d are high magnifications. It is clear that the forced
dissolution of the SAM2X5 material progressed in a uniform
way. Unlike any of the other three polycrystalline materials, the
dissolution of the SAM2X5 material did not show a preferential
attack of any special feature in the alloy (Figures 5.b and 5.d).
This is because the material is fully amorphous without
precipitates (like the 304B SS and Ni-Gd alloy) or without
grain boundaries like the three other tested alloys. Figure 5.c



shows two circle-like features on the surface of the alloy. They
represent the location of small bubbles (~200 um diameter) that
were sitting on the specimen surface during the polarization
test. Due to the high applied potentials in the anodic
polarization, the material around the bubbles dissolved
uniformly and the area covered by the bubbles was left un-
corroded. Figure 5.d shows clearly the step formed on the
surface of the specimen due to this phenomenon. It seems
apparent that the depth of dissolution was in the order of 2 um.
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Figure 5. Surface of Amorphous Alloy SAM2X5 after
CPP in 5 M CaCl, at 105°C

Figure 6 shows the CPP tests in SCW at 90°C. Unlike the
behavior of the tested materials in 5 M CaCl, at 105°C, the
behavior in the SCW solution was similar for all of the tested
alloys. Just above the corrosion potential, the four materials
showed a primary pseudo-passive region of potentials, an
intermediate anodic peak and a secondary pseudo-passive
region of potentials before the final potential breakdown
probably induced by water decomposition (evolution of
oxygen) and transpassive dissolution or some of the alloying
elements. The two Ni-based alloys (Ni-Gd and Alloy 22)
showed the anodic peak at the lowest potential (Figure 6) and
the two Fe-based materials (304B SS and SAM2X5) had the
anodic peak at a higher potential. The current density at the
peak peak was higher for the Fe-based materials than for the
Ni-based materials. The presence of the anodic peak for tests

performed in hot SCW solution has been reported before [17-
19]. The occurrence of the anodic peak depends on the
temperature and the pH of the solution and its existence was
attributed to secondary oxidation of elements present in the
passive film [17-19].
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Figure 6. Cyclic Potentiodynamic Polarization (CPP)
of four materials in SCW at 90°C.

SCW is a less aggressive solution than 5 M CaCl,,
therefore the polarization curves of the four tested materials do
not look too different from each other. However, Figure 6
shows that the lowest passive current density both in the
primary and secondary region of potentials was the lowest for
the SAM2X5 material. Observation of the specimens after the
tests showed generalized corrosion for both SAM2X5 and
Alloy 22 materials with a thicker oxide film formed on the
surface than in 5 M CaCl, at 105°C. The Ni-Gd and 304B SS
materials suffered preferential attack around the precipitated
particles (gadolinides or borides) similarly as shown in Figures
2.b and 3.h.

The Breakdown Potential

The breakdown potential is the potential for which the
current density increases rapidly due to passivity breakdown
during a CPP test. In most cases this increase in current is
obvious (such as for 304B SS in Figure 1) but in some cases the
potential for current increase is less defined (such as for Ni-Gd
alloy in Figure 1). To circumvent this obstacle, it is generally
used E20 to represent the breakdown potential [20]. E20
represents the potential for which the current density in the
forward scan of a CPP reaches 20 pA/cm2. The lower the value
of E20 the less resistant is the alloy to passivity breakdown.



Figure 7 shows the breakdown potential E20 for the tested
alloys in 5 M CaCl, at 105°C (Data from Figure 1). The lowest
breakdown potential corresponded to the Ni-Gd alloy and the
highest for SAM2X5. There is more than 1000 mV separation
between the least resistant alloy (Ni-Gd) to passivity
breakdown and the highest resistant alloy (SAM2X5). The
most resistant polycrystalline alloy was Alloy 22, however its
breakdown potential was approximately 800 mV lower than the
breakdown potential for the amorphous alloy SAM2X5.
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Figure 7. Breakdown potentials E20 from CPP tests
in 5 M CacCl, at 105°C
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Figure 8. Breakdown potentials E20 from CPP tests
in SCW at 90°C.

Figure 8 shows the breakdown potential E20 for the tested
alloys in SCW at 90°C (Data from Figure 6). The breakdown
potentials for the four alloys was similar and in the vicinity of
200 mV SSC. The lowest E20 values corresponded to the Ni-
based alloys which had the lowest potentials for the anodic
current density peaks (Figure 6). The lowest breakdown
potential corresponded to Alloy 22, probably due to its high
content of Mo and W, which do not offer high resistance to
oxidation in the alkaline SCW environment.

Salt Fog Testing

Coupons of Alloy 22 and 316LSS were coated with
amorphous alloy SAM2X5 powder using the HVOF process.
The coupons were 4 x 4 x 1/4-inch. There were 10 substrate
coupons of Alloy 22 and 10 substrate coupons of 316L SS.
They were all coated with SAM2X5. The coating was
performed at Plasma Technology Inc. (Torrance, CA). The salt
fog testing (ASTM B 117) was performed at E-Labs
(Fredericksburg, VA). The coupons were exposed to 8 cycles
each one of 24 hours (Table 2). For reference purposes, five
coupons (2 x 2 x 1/8-inch) of uncoated 1018 carbon steel and
three coupons (2 x 2 x 1/8-inch) of uncoated Alloy 22 were
included in the salt fog chamber. The coated Alloy 22 coupons
were labeled C17 to C21 and W17 to W21. The coated 316L
SS coupons were labeled C3 to C7 and W3 to W6, W8 and WO.
The non-coated 1018 CS coupons were labeled A11-A15 and
the non-coated Alloy 22 coupons were labeled CC22-4058 to
CC22-4060.

After the tests, most of the coated coupons developed a
small number of pinpoint size rust spots. For the ten coated
316L SS coupons, the fewer number of rust spots was one (1)
for coupon W8 and the largest amount of rust spots was 23 for
the coupon C6. Figure 9 shows coupon C3 after 8 full 24-h
cycles in the salt fog chamber (Table 2). Arrows indicated the
presence of 10 pinpoint rust spots. The average humber of rust
spots for the ten 316L SS coated coupons was 9.6 + 7.6. For
the ten coated Alloy 22 coupons, the fewer number of rust spots
was zero for coupon W21 and the largest amount of rust spots
was 14 for coupons W18 and W20. Figure 10 shows coupon
C19 after 8 full 24-h cycles in the salt fog chamber (Table 2).
Arrows indicated the presence of 10 pinpoint rust spots. The
average number of rust spots for the ten Alloy 22 coated
coupons was 6.7 = 4.9.

The non-coated 1018 CS witness coupons fully rusted
during the 8 full 24-h cycles in the salt fog chamber. None of
the non coated Alloy 22 witness coupons suffered any type of
corrosion. It is apparent that the pinpoint rust spots are formed
on the coating. The pinpoint rust spots always form at the top
of pimples that developed in the coating during the HVOF
deposition process. The pimples have the appearance of a



micro-volcano. The actual origin rust spot is much smaller than
what it is seen on the coupons after the test. That is, a micro
area of products in the volcano crater seems to rust and the
corrosion product spills over the sides causing the pinpoint rust
spot described above. Current efforts include the cross
sectioning of the coated specimens to determine the depth of
the attack at the rust spots. It is likely that this is only a surface
phenomenon and that it does not affect the interface between
the substrate and the coating. Future tests also should determine
if the rust spots are a result of partial devitrification and the
formation of a ferrite phase at the pimple spots.

Figure 9. Coated coupon C3 after 8 full 24-h cycles
in the salt fog test. Arrows show 10 pinpoint rust spots.

Figure 10. Coated coupon C19 after 8 full 24-h
cycles in the salt fog test. Arrows show 10 pinpoint rust
spots.

SUMMARY AND CONCLUSIONS

Amorphous Alloys were tested for corrosion resistance both in
the fast-cooled ribbon form and as spray coatings

e lron-based amorphous alloys are extremely resistant to
localized corrosion in hot concentrated chloride solutions

e When forced to corrode in the highly aggressive 5 M CaCl,
at 105°C, the SAM2X5 amorphous material dissolved
uniformly, unlike the polycrystalline materials that were
attacked at grain boundaries and at precipitate edges

e SAM2X5 can be deposited as an amorphous coating on
other substrate engineering alloys

e Salt fog-testing showed good resistance to corrosion of the
coated alloy. Pinpoint rust spots could be result of micro
partial devitrification.
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